The foremost objective of the study was to find out the most efficient profile of trifurcation in given constraints of pressure, velocity and layout of the overall geometry. The study was done for the 3.2 MW Madi Khola Hydropower Project of Gandaki Hydropower Development Co. Pvt. Ltd. The 3 Dimensional Flow modeling of the trifurcation was based on the application of Computational Fluid Dynamics (CFD).
Introduction
Project layout and powerhouse orientation decide what kind of penstock branching would be most suitable for the highest safety and minimum head loss. Usually in case of branching for 3 or more units, a number of unsymmetrical bifurcations are used one after another along the penstock alignment. It involves relatively less analytical works during design and is easy to fabricate. But project layout can dictate the other way around, as in case of 3.2MW Madi Khola Hydropower Project in Kaski district, which is already nearing the completion of construction. In this project orientation of the powerhouse with respect to the penstock alignment is such that only a symmetrical trifurcation can be used to feed water to three equal capacity Pelton turbines. Madi trifurcation has become the first trifurcation designed and fabricated within Nepal.
Design of an element of water conveyance system constitute of hydraulic and structural analyses. Hydraulic analysis for penstock branching (bifurcation and trifurcation) is considered unimportant and is found mostly avoided in small hydropower projects of Nepal. But the fact is that hydraulic analysis here is as important as structural analysis. Structural analysis optimizes the initial cost through right selection of steel thicknesses, whereas hydraulic analysis minimizes the head loss through selection of best possible geometry. Head loss in the branching entails a constant loss of money for as long as the plan runs, and this loss, in long run, is many times higher than the cost of the structure itself. Large hydropower projects do not only conduct hydraulic analysis but also go for model tests. But small project of capacities 1-10 MW are recommended at least to conduct hydraulic analyses for the critical components of water conveyance system. Bifurcation and trifurcation are among such components. They are used near the powerhouse under high pressure head added by pressure surge due to water hammer. Besides, in case of Pelton turbines, there are free water jets downstream to the manifold, which convert almost all of the available head into velocity head. Under this condition the water exerts force on manifolds due to change in momentum of water and can be evaluated from principle of conservation of momentum. This net force must be resisted by the manifold system and the concrete block holding manifold.
The structural analysis of the manifolds is necessary but not sufficient if we consider the long term operational benefits in terms of power outcome and the performance of the plant. The vibration problem caused due to unnecessary eddies developed can cause huge losses of pressure head downstream of the manifold .The profile of the manifolds affects the loss in the available water head significantly. This loss can decrease the potential plant capacity. The profile selection process can be done either by experimental analysis on reduced scale manifolds model test at lab or by numerical modeling of the fluid flow. The former option is rather expensive and may not be feasible every time.
It is preferable to select best profile by tuning it with CFD solver and then follow reduced scale model test for the confirmation of flow parameters.
At the time of valve closure the velocity reduces to zero within time interval of valve closure. This phenomenon now converts velocity head to pressure head again. The pressure magnifies due to abrupt change in the velocity. The magnified pressure moves to upstream with certain velocity which depends up on bulk modulus of water and its density. The trifurcation has to resist this magnified pressure. The hoop stresses and longitudinal stress and the combined stress due to increased pressure must be below the tolerable limit as specified in Steel Structure Design Codes. At the zone of the junction of bifurcation the simple analysis approach can not catch the local stress concentration and there are chances of underestimation of such valuable stress concentration. Finite element method can be used to capture Stress Concentration near junction of trifurcation using finer mess near junction.
Design & Analysis Criteria
The pressure losses at junction in manifolds are not analyzed and neglected which is the normal practice in hydropower of Nepal. These losses are significant in obtaining high plant capacity. Before starting design and analysis of the trifurcation; the constraining parameter, such as space available and the position of turbine from the existing site condition, are used to select the trifurcation layout. The normal practiced profile is first used in detailed numerical analysis to understand how the profile affects the losses. The outcomes in analyzing such manifolds provide necessary data for modification. A number of trail and errors to minimize loss was carried out. Finally the best profile was adapted and was used for the stress analysis to minimize the stress below the allowable limit at the junction by adding reinforcement at junctions.
Computational Fluid Dynamics is used for the analysis of the velocity and pressure distribution at different section of manifolds. The pressure and velocity distribution will then be used as a criteria modifying profile of manifold body.
Flotran CFD features of the Ansys v11 is used for the mathematical modeling of the flow through the profile. AutoCad 2006, Ansys Workbench 11 features is used for the mesh generation of the water volume inside the manifolds. The volume is imported in Ansys Flotran CFD for the analysis.
The jet velocity was expected as a output from the analysis
If the neat head of water and discharge at inlet is h and Q respectively then from the continuity equation for the equal discharge among three branching pipe, 
FLOTRAN CFD Analysis

Determining the Problem Domain
The analysis of the losses in penstock pipe line up to trifurcation upstream was done to evaluate pressure and velocity as a inlet boundary condition for trifurcation. Boundary condition at out let of trifurcation is rather difficult process. It is preferable to model up to nozzle where there is free jet condition. Such modeling requires excessive computer memory almost difficult to solve with normal PC. If we focus on the losses due to trifurcation only then logically we can locate free jet zone somehow near to the junction provided that it will not affect the junction velocity and pressure distribution.
Determining the Flow Regime
We need to estimate the character of the flow. The character is a function of the fluid properties, geometry, and the approximate magnitude of the velocity field. The Reynolds number can be used to decide whether the flow will be laminar or turbulent. Similarly mach no criteria can be used to evaluate the compressible and incompressible flow.
Reynolds number = inertial force/viscous force, it should be greater than 2000 for turbulent flow. Mach no = Velocity of fluid/velocity of sound in fluid, which should be greater than 0.7 to activate the compressible flow model.
Creating the Finite Element Mesh
For the most accurate results, we should use mapped meshing. It more effectively maintains a consistent mesh pattern along the boundary. In some cases, we can use hexahedral elements to capture detail in high-gradient regions and tetrahedral elements in less critical regions. For flow analysis, especially turbulent, we should not use pyramid elements in the region near the walls because it may lead to inaccuracies in the solution.
In our case free meshing with tetrahedral element was used for simplicity in meshing it leads some degree of mass imbalance. The mass imbalance can be controlled by further fine meshing 
Applying Boundary Conditions
The free body diagram of the manifolds was considered for the analysis.
 The pipe wall was replaced by the zero velocity constrained.
 The net pressure near inlet surface of the manifold was directly applied (177m water head).
 The trial velocity at inlet is applied directly as 3m/sec, 4m/sec……. the velocity to generate input discharge corresponding to plant capacity.
The nozzle of the different trial dia. was attached with the trifurcation outlet. This helps us to apply pressure boundary condition at nozzle outlet as zero equivalents to atmospheric pressure. 
Setting FLOTRAN Analysis Parameters
This step includes selection of the flow models as laminar incompressible, laminar compressible, turbulent incompressible, turbulent compressible etc. The number of iteration, convergence option, and fluid properties should also be assigned in this step.
Solving the Problem
This step includes the solving process. We can monitor solution convergence and stability of the analysis by observing the rate of change of the solution and the behavior of relevant dependent variables. These variables include velocity, pressure, temperature, and (if necessary) turbulence quantities such as kinetic energy (degree of freedom ENKE), kinetic energy dissipation rate (ENDS), and effective viscosity (EVIS).
Examining the Results
The results are in the form of velocity distribution and pressure distribution and turbulence quantities distributions. The numerical integration is used to convert velocity distribution to average velocity at outlets. The average velocity at inlet and outlets are then used to evaluate the loss in manifold.
The loss in energy is made as small as possible by adjusting the geometrical profile of manifold at joint.
This is the trial and error process. The modification is made till the loss in the manifold is equivalent to 0.42%. The velocity distribution profile for section at junction indicates the causes of loss of energy near junction. These velocity profiles are for the most possible efficient geometry of the trifurcation junction. 
Conclusions from most efficient profile
Stress Analysis at Junction
According to the ASME Code, the non-embedded penstock pipe may be designed under the following condition.
Normal condition:
This condition gives the allowable stress = 138.67 Mpa
Intermittent condition:
This condition gives the allowable stress = 184.89 Mpa
Emergency condition:
This condition gives the allowable stress = 250 Mpa Exceptional conditions:
It includes malfunctioning of control equipment in most adverse manner and shall not be used as the basis of design. If the maximum stress does not exceed the specified minimum ultimate tensile strength, the structural integrity of the penstock is reasonably assured.
Precautions must be taken to minimize the probability of occurrence and effect s of the exceptional condition.
In this analysis the stress was supposed not to be increase above 138 Mpa in normal water pressure +water hammer pressure. For The combination of normal flow condition and the earthquake effects the whole penstock unit should be studied.
The von-misses stress criterion was used for checking the yield at the zone of stress concentration 
Examining the Results
The stress at the junction of the manifold was observed exceeding at normal running condition. The problem was resolved by adding extra reinforcing plate at junction in the form of T section
Conclusions
Around 20 models were checked for the loss of the head due to geometry of manifold between common profiles to most efficient profile. Only result for the most efficient profile is presented in this paper.
The Study indicates that the profile can be better tuned with the finite element application for fluid flow (Computational fluid dynamics).
The flow distribution in case of common profile is rather disturbed to longer zone of the trifurcation system. In case of most efficient profile the flow distribution is disturbed slightly to smaller length of the trifurcation system.
The second profile was taken for the fabrication to limit loss in head less than 1 m head of water
